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Abstract
Background: Geriatric depression is a societal problem, specifically in those living alone in Korea. This study aims
are to investigate (1) how sociodemographic factors, health status, and health behaviors are differently associated
with depressive symptoms in older Koreans living alone compared to those living with others and (2) how living
arrangements attenuated or strengthened the associations between four types of health behaviors and depressive
symptoms.
Methods: This secondary data analysis was conducted using data from the 2014 Korean Longitudinal Study of Aging.
A structured survey assessing sociodemographic factors, health status, and health behaviors was conducted with
people aged 65 or older who lived alone (n = 1359) and living with others (n = 2864). A multiple linear regression with
interaction terms was conducted between mean-centered health behaviors and the status of living alone. All statistical
analyses were performed using SPSS Statistics 23.0, and the two-tailed level of significance was set at 0.05.
Results: Those living alone reported higher levels of depressive symptoms than those living with others (Mdiff = 2.129,
SE = 0.005, p < 0.001). The variance of depressive symptoms explained by 13 variables was 18.1% for those living alone
compared to 23.7% for those living with others. Compared to health behaviors, sociodemographic factors and health
status more explained depressive symptoms, specifically with psychiatric disorders, pain, and impaired functionality as
risk factors. Smoking, alcohol abstinence, physical inactivity, and social inactivity were associated with more depressive
symptoms. Living arrangements moderated the association between depressive symptoms and each health behavior,
except for physical inactivity (all p values < 0.001).
Conclusions: Older Koreans living alone were exposed to different risk factors for depressive symptoms compared to
those living with others. Non-modifiable sociodemographic and health status factors were highly associated with
depressive symptoms relative to health behaviors; thus, it is important to conduct early assessment and classification of
vulnerable subgroups regarding geriatric depression. Specific assessment instruments should be prepared in practice
according to living arrangements among older Koreans. Targeted interventions are essential to addressing living
arrangements and modifying health behaviors to reduce smoking, alcohol consumption, and social inactivity,
specifically in those living alone.
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Background
Depression is one of the most prevalent mental health
problems and is associated with general health and qual-
ity of life, specifically in late adulthood [1–3]. Most older
adults seem to be exposed to a high risk of depression
because they experience a series of losses, such as the
death of significant others, retirement, or health prob-
lems [4–6]. Bereavement of a loved one results in social
isolation and loneliness, which are significant risk factors
for poor mental health and low quality of life [7, 8].
Some studies have reported that older adults experience
a relatively lower socioeconomic status (SES) than that
prior to retirement, which negatively affects mental
health [3, 6]. Both social support and social strain differ-
ently mediate the relationship between increasing loneli-
ness and decreasing well-being in retired older adults [6,
7]. Previous studies have investigated the diverse types
of risk factors related to mental health, and living ar-
rangement is one of the most important factors related
to the complex nature of multidimensional vulnerability
to depression in late adulthood [9–11].
Living alone influences mental health in the older
adult population. Compared to those living with others,
older adults living alone reported higher levels of de-
pressive symptoms in several countries, such as Japan,
Singapore, Taiwan, and the United States [8–10, 12]. In
general, 20–30% of older Asians living alone reported
significant depressive symptoms, a ratio that is signifi-
cantly higher than the 12–18% reported among those
living with others [8, 9]. In addition, older Americans
living alone reported significantly more depressive symp-
toms (mean = 4.22, standard deviation [SD] = 4.56) than
those living with a family member (mean = 3.36, SD =
3.71, p < 0.05) [10]. Similarly, up to 41% of older Ko-
reans living alone reported depressive symptoms, which
was significantly higher than up to 30% of those living
with others [13, 14]. Oh and colleagues also reported
that older Koreans living alone had a higher prevalence
of depressive symptoms than those with any other type
of living arrangement, such as living with or without a
spouse in either an extended or a nuclear family [15].
Korean researchers, clinicians, and policy makers have
paid attention to the vulnerability to depression in older
adults living alone for several reasons. South Korea is
the fastest-aging country among the Organization for
Economic Cooperation and Development (OECD) coun-
tries, and Korea is also experiencing a rapid increase in
one-person households [16, 17]. Older adults living
alone comprised 23.0% of the aging population in 2014
[18], a dramatic increase from 13.6% in 1994 [18]. The
number of people aged at least 65 years old or older liv-
ing alone was estimated to be approximately 1.38 million
in 2015; the number is estimated to increase to 3.43 mil-
lion over the next 20 years [19]. The absolute and
relative proportions of those living alone in the popula-
tion mean that a new health care system must respond
to the aging one-person household, as the family care-
giving system has weakened in Korea due to changes of
traditional and cultural perspectives on senior care [13].
In addition, older Koreans are less likely to receive ap-
propriate treatment or perform self-management, des-
pite high levels of depressive symptoms and related
mental health problems [13]. In general, depression in
older adults is under-reported and under-treated be-
cause older adults think that depression is part of the
aging process [3, 20]. Specifically, older Korean adults
have negative and passive views regarding mental health
treatment. One study showed that only 20.9% of partici-
pants intend to use mental health services, although al-
most half of the subjects (49.3%) had issues with
depression [21]. Because depression is more costly than
other chronic physical diseases [3], untreated depression
poses an increased individual and societal burden, influ-
encing morbidity in conjunction with other chronic dis-
eases and influencing mortality secondary to suicide [3,
22, 23]. The Global Burden of Disease Study 2010 iden-
tified depressive disorders as the second leading cause of
long-term disability, designating it a major public health
priority [22]. Older Korean adults are one of the most
vulnerable populations to suicide; the suicide rate of
older adults in South Korea has increased five-fold dur-
ing the past two decades (approximately 70 people per
every 100,000 in 2014), corresponding to the highest rate
among the OECD countries [24].
However, there is limited information for understanding
geriatric depression in older adults living alone and for de-
veloping specific prevention, detection, and treatment
plans. Previous studies have shown that individual charac-
teristics, such as being female, having poor self-rated health,
and having impairments in both activities of daily living
(ADLs) and instrumental activities of daily living (IADLs),
are associated with depression in those living alone [10, 12,
14]. Although geriatric depression has great heterogeneity
across people’s life spans and individual characteristics [3],
few studies have conducted subgroup analyses to examine
specific risk factors, particularly regarding different living
arrangements [9, 12]. Moreover, these identified factors are
more likely to be non-modifiable; therefore, it is difficult to
improve the situation using individual efforts for the pur-
poses of health promotion.
In this study, we focus on daily lifestyle health behav-
iors, which are considered the key components of
self-management in disease prevention, treatment op-
tions, and physical and mental health [25, 26]. Similar to
physical health, mental health status is considered to be
influenced by health behaviors, such as alcohol con-
sumption, smoking, and physical and social inactivity. It
is well established in the literature that exercise is an
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effective intervention for improving mental health and
well-being in later life [27–29]. Social isolation due to
living alone and having less frequent contact with signifi-
cant others is associated with a higher incidence of de-
pression among older adults [9, 12, 14]. However, it is
difficult to draw a concrete conclusion about how smok-
ing and alcohol consumption affect depression in older
adults. For example, a multisite cohort study showed
that older adults with depression were likely to be alco-
hol abstinent or less-than-moderate drinkers, regardless
of smoking status. However, smokers at risk of high al-
cohol consumption reported a three-fold greater likeli-
hood of being depressed than those who were alcohol
abstinent [30]. In contrast, other studies reported
non-significant relationships among alcohol consump-
tion, smoking, and depression in older adults [9, 14].
Thus, more research is needed to understand the con-
sistent patterns of multiple health behaviors among de-
pressed older adults in diverse populations, specifically
when considering living arrangements [3].
The aim of this study was to examine the differences
in the factors associated with depressive symptoms in
older Koreans, specifically focusing on health behaviors
moderated by living alone. The following research ques-
tions were proposed:
(1) What is the difference in the sociodemographic
factors, health status, and health behaviors of those
living alone compared with those living with others?
(2) How are sociodemographic factors, health status,
and health behaviors associated with depressive
symptoms in older adults with different living
arrangements?
(3) How does living arrangements differently moderate
the relationships between depressive symptoms and
four specific health behaviors after controlling for
sociodemographic factors and health status?
Methods
Design
This was a cross-sectional correlation study with a sec-
ondary data analysis.
Description of the primary data source and procedure for
data collection
The primary data for this secondary data analysis were the
Korean Longitudinal Study of Aging (KLoSA) collected in
2014 and released in 2015 by the Korea Employment In-
formation Service [31]. The KLoSA is a nationally repre-
sentative longitudinal study aimed at investigating the
health and social welfare information of people aged
45 years or older in South Korea. To understand the se-
lected topic with the most current trend, we chose the
most recent set of KLoSA data available for public use.
Since 2006, the KLoSA panel survey has been con-
ducted biennially by trained interviewers using a
computer-assisted personal interviewing method in
which interviewers read questions to respondents from
screens and immediately enter their responses. The sur-
vey is conducted with identical content for the same re-
spondents from the first to fifth waves to collect
observations at multiple times [32]. The survey targeted
the middle-aged and older population nationwide, ex-
cept in island areas. The sample was randomly selected
using a multistage, stratified probability sampling design
based on geographical areas and housing types across
the nation. At the first data collection, 10,254 individuals
in 6171 households participated in the interview, and
7029 subjects remained in 2014, which represented
72.8% of the original respondents [31].
Samples of secondary data analysis
Among the 7029 participants in the 2014 KLoSA dataset,
4223 eligible subjects were included in this study after ex-
cluding those aged younger than 65 years old (n = 2803)
and those with incomplete reports (n = 3) for the Center
for Epidemiological Studies-Depression Scale short-form
10 item (CES-D10). Older adults living alone were defined
as individuals aged 65 years old or older in 2014 who re-
ported only one member in a single generation household
(n = 1359). The other comparison group included older
adults who were 65 years old or older in 2014 and who
lived with any members in the same house (n = 2864).
Measures
Depressive symptoms were measured using the Boston
version of the CES-D10 in the 2014 KLoSA survey. The
CES-D, which was developed by Radloff (1977), is a
screening tool used to assess the depressive symptoms
experienced during the most recent week. Each item
was measured on a 4-point Likert scale (0 = very rarely
or less than once a day; 3 = almost always or 5–7 days
during the past week). After two items were reversely
recoded to calculate a total CES-D10 score, a composite
score was generated by summing ten items. Higher
scores indicated more depressive symptoms (range: 0–
30). In this study, the Cronbach’s alpha coefficient for
the CES-D10 was 0.848 in total, 0.841 in those living
alone, and 0.853 in those living with others. We used
CES-D scores as a continuous variable in line with the
methodology employed in previous studies [12, 14, 33]
because (1) we aimed to compare our findings to the
previous studies’ findings, (2) CES-D was developed to
offer screening rather than as a comprehensive diagnos-
tic test, and (3) inconsistency arises when using a specific
cutoff to differentiate depressed and non-depressed groups
in different populations [28].
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Sociodemographic factors were included as categorical
variables: age, gender, education level, and SES. Consider-
ing normative information about older Koreans, the three
age groups were categorized as young–old (65–74; coded
as 0), old–old (75–84), and oldest–old (85 and over). Gen-
der was dichotomized as female and male (coded as 0).
Education level was classified into no school education
(coded as 0), elementary school, middle school, high
school, and college or above. Self-perceived SES was clas-
sified into 3 groups: low, middle (coded as 0), and high.
Self-rated pain was dichotomized as 0 = none and 1 =
any pain experienced in one or more body parts. Psychi-
atric illness was either diagnosed by a physician or
self-reported as having any psychiatric symptoms (coded
as 1) and was otherwise coded as 0. A self-rated health
status was assessed using the following question: “In gen-
eral, would you say your health is excellent, very good,
good, fair, or poor?” Higher scores indicated perceptions
of poorer health status, while the good group was coded
as 0. Chronic medical conditions were accounted for in
the number of self-reported diagnoses, such as hyperten-
sion, diabetes mellitus, any type of cancer, chronic lung
disease, liver disease, heart disease, cerebral vascular dis-
ease, or rheumatoid arthritis, which are the most frequent
conditions reported by older Koreans [34]. Each condition
was reported based on 0 = absent and 1 = present, based
on symptoms experienced and medical diagnoses. The im-
paired functionality of older adults was measured based on
LaPlante’s expanded ADLs and IADLs scales, including
grocery shopping, getting to places, performing light house-
work, preparing meals, bathing, getting outside, walking,
dressing, managing money, transferring, managing medica-
tions, using the restroom, using the telephone, and eating
[35]. Each item was recoded as 0 = completely independent
or 1 = partial/completely dependent, and the sum of the
scores for the 14 items was used in the data analysis. Higher
scores indicated that older adults were more dependent on
others when performing ADLs and IADLs in daily life. In
this study, the Cronbach’s alpha coefficient for the
LaPlante’s ADLs and IADLs was 0.963 in total, 0.958 in
those living alone, and 0.967 in those living with others.
Smoking and alcohol use were dichotomized as 0 =
non-smoker or non-drinker and 1 = current smoker or
active alcohol user. The physically active group was
defined as those who exercised more than once a
week (coded as 0); the others were coded as 1. A lack
of social participation was coded as 1, while participa-
tion in any social activities, such as attending reli-
gious gatherings, meeting friends, volunteering, or
joining hobby clubs, was coded as 0.
Analysis
We calculated the weighted proportions, means, and
SDs of sociodemographic characteristics, health status,
and health behaviors between older Koreans living alone
and those living with others. The missing data for all the
variables tested were 0.002%. We did not complete miss-
ing data imputation because the total amount of missing
data was less than 5.0%, and a missing data analysis found
that such missing data occurred at random [36]. All ana-
lyses were conducted by applying population weights,
which were calculated based on the following: (a) a
two-staged stratified sampling probability due to the de-
sign effect; (b) the non-response-adjusted weight to re-
duce the non-response bias; and (c) the benchmark
weight, reflecting changes in the general distribution of
the total population of the Republic of Korea in 2014 [31].
For preliminary comparison, multivariate linear regres-
sion models were used to evaluate the relationship of de-
pressive symptoms with sociodemographic characteristics
(Block 1), health statuses (Block 2), and health behaviors
(Block 3) in older adults living alone and those living with
others. Assumptions of the multivariate linear regression
analyses (univariate and multivariate normality, linearity,
homoscedasticity, and diagnostic testing for multicolli-
nearity and independence of errors) were met [36].
A multiple linear regression with an interaction term
was conducted to assess the associations between health
behaviors and depressive symptoms moderated by living
arrangement. Age, gender, and low SES were included as
covariates in Step 1. The four health behaviors were en-
tered in Step 2 to test each main effect on depressive
symptoms over and beyond three covariates, while living
arrangement was entered in Step 3. Finally, all the inter-
action terms between each health behavior and living ar-
rangement were entered in Step 4 to examine the
moderating effects. We decided not to include health
status variables, which have spurious associations simul-
taneously with both health behaviors and depressive
symptoms. Four health behaviors and living arrange-
ments were mean-centered. A significant standardized
regression coefficient and change in R2 for the inter-
action term indicated a significant moderation effect
[37]. All statistical analyses were performed using IBM
SPSS Version 23.0, and the two-tailed level of signifi-
cance was set at 0.05.
Results
Sociodemographic and health-related characteristics of
the sample
Table 1 presents the sociodemographic and health-related
characteristics (health status and behaviors) of the
weighted sample. The mean age of older Koreans in this
study was 73.81 (SD = 6.68) years, and 58.1% were females.
Half of the respondents had either no education (22.1%)
or had only attended elementary school (34.8%). Most of
them identified their SES as middle (45.3%) or low
(52.4%). Almost half of the respondents rated their health
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as good (44.2%), followed by fair (30.5%), very good
(15.8%), poor (8.9%), and excellent (0.6%). On average,
they experienced 0.98 functional impairments based on
LaPlante’s ADL/IADL (SD = 2.92), 0.14 chronic diseases
(SD = 0.41), and a score of 7.62 on the CES-D10 (SD =
5.60). Approximately 5.6% of them were diagnosed with
or self-recognized a psychiatric illness. The percentage of
those experiencing any pain was 71.3%. The percentage of
people who smoked or drank alcohol was 10.2% and
27.2%, respectively, while 32.2% of the participants regu-
larly exercised more than once a week. More than 70% of
them participated in some type of social activities.
Group comparison of characteristics by living
arrangements
Most of the characteristics of participants living alone
were significantly different from the characteristics of
those living with others. Those who lived alone were
slightly older (mean difference [Mdiff] = 2.129, standard
error [SE] = 0.005), had more functional impairments
(Mdiff = 0.036, SE = 0.002), had higher CES-D10 scores
(Mdiff = 1.473, SE = 0.005), and lived with more diag-
nosed diseases than those living with others (all p values
< 0.001). Compared to those living with others, the ma-
jority of those living alone were female, educated at a
Table 1 Group differences in sociodemographic and health-related characteristics
Variables Overall Those living alone mean (SD) or weighted % Those living with others mean (SD) or weighted % p value
Age 73.81 (6.68) 75.12 (6.68) 72.99 (6.54) < 0.001
LaPlante ADL/IADL impairment 0.98 (2.92) 1.01 (2.87) 0.97 (2.95) < 0.001
Number of chronic diseases 0.14 (0.41) 0.15 (0.43) 0.14 (0.39) < 0.001
CES-D10 scores 7.62 (5.60) 8.52 (5.52) 7.05 (5.59) < 0.001
Gendera
Female 58.1 76.6 46.5 < 0.001
Education
No school attended 22.1 30.0 17.1 < 0.001
Elementary school 34.8 37.2 33.4
Middle school 16.7 14.3 18.2
High school 17.9 12.8 21.1
College or above 8.5 5.7 10.2
Socioeconomic status
High 2.3 1.7 2.7 < 0.001
Middle 45.3 37.7 50.0
Low 52.4 60.6 47.3
Self-rated health
Excellent 0.6 0.4 0.8 < 0.001
Very good 15.8 14.0 16.9
Good 44.2 39.5 47.2
Fair 30.5 36.6 26.7
Poor 8.9 9.4 8.5
Paina
Present 71.3 74.9 69.0 < 0.001
Psychiatric illnessa
Diagnosed 5.6 6.4 5.1 < 0.001
Smoking statusa
Current smoker 10.2 7.8 11.7 < 0.001
Alcohol usea
Active drinker 27.2 21.3 30.9 < 0.001
Regular exercisea
More than once a week 32.2 31.4 32.7 < 0.001
Social activity a
Participating 71.1 73.0 68.1 < 0.001
SD Standard deviation; CES-D10 the Center for Epidemiologic Studies Depression Scale-10 items, ADL/IADL Activities of daily living/Instrumental activities of
daily living
a, the variable was dichotomized
Kim et al. BMC Geriatrics  (2018) 18:186 Page 5 of 11
less than middle school level, had a lower SES or poorer
health status, and experienced more pain (all p values <
0.001). People who lived alone were less likely to smoke,
drink alcohol, and exercise regularly than those living
with others (all p values < 0.001). However, those living
alone participated in more social activities (73.0%) than
those living with others (68.1% and 43.4%, respectively;
all p values < 0.001).
Multivariate linear regression analyses in two groups
The results of the multivariate linear regression using
the CES-D10 score as the dependent variable and the 13
factors in three blocks are shown in Table 2. The
separate models between older adults living alone and
those living with others were statistically significant and
explained 18.1% and 23.7% of the variance in the depres-
sive symptoms, respectively. In the model of those living
alone, the block of health status explained 10.12% of the
variance, followed by the sociodemographic block (7.12%)
and the block of health behaviors (0.82%; F = 28,354.14, p
< 0.001). In the model of those living with others, the
block of health status explained 16.91%, followed by 5.69%
for the sociodemographic block and 1.06% for the block of
health behaviors (F = 64,147.47, p < 0.001).
Table 2 shows significant factors associated with de-
pressive symptoms in both models. Specifically,
Table 2 Comparison of multivariate linear regression models between two groups
Variables Those who live alone Those who live with others
B SE β Δ R2 change B SE β Δ R2 change
Constant 5.454 0.015 4.204 0.012
Block 1: Sociodemographic factors 0.071*** 0.057***
Age (ref., 65–74)
75–84 0.496*** 0.007 0.044 0.144*** 0.006 0.012
Over 85 0.741*** 0.013 0.039 −0.195*** 0.011 − 0.009
Gender (ref., male)
Female 0.073*** 0.009 0.006 −0.489*** 0.006 −0.044
Education level (ref., no school)
Elementary school −0.008 0.008 −0.001 −0.015* 0.008 −0.001
Middle school −0.430*** 0.011 −0.027 0.066*** 0.009 0.005
High school 0.904*** 0.012 0.055 −0.110*** 0.009 −0.008
College and above −0.465*** 0.017 −0.020 −0.066*** 0.011 −0.004
Socioeconomic status (ref., middle)
High 0.822*** 0.025 0.019 0.990*** 0.016 0.029
Low 1.139*** 0.007 0.101 0.808*** 0.005 0.072
Block 2: Health status 0.101*** 0.169***
Self-rated health status (ref. good)
Excellent/Very good −0.762*** 0.010 −0.049 1.037*** 0.007 0.071
Fair/Poor 2.214*** 0.008 0.201 2.395*** 0.006 0.205
Numbers of current chronic diseases −0.234*** 0.008 −0.018 −0.173*** 0.006 −0.012
Psychiatric illness 2.463*** 0.013 0.109 3.431*** 0.012 0.136
Active pain 0.787*** 0.008 0.062 1.545*** 0.006 0.128
LaPlante ADL/IADL impairment 0.221*** 0.001 0.114 0.383*** 0.001 0.202
Block 3: Health behaviors 0.008*** 0.011***
Active smoking 1.337*** 0.013 0.065 −0.070*** 0.008 −0.004
Alcohol drinking −0.672*** 0.009 −0.050 −0.958*** 0.006 −0.079
Physical inactivity −0.023** 0.007 −0.002 0.103*** 0.006 0.009
Social inactivity 0.678*** 0.007 0.057 1.015*** 0.006 0.081
Total adjusted R2 0.181*** 0.237***
Dependent variable = Total score of the Center for Epidemiologic Studies Depression Scale-10
ADL/IADL Activities of daily living/Instrumental activities of daily living
* p < 0.05, ** p < 0.01, *** p < 0.001
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psychiatric illness, active pain, and impaired functional-
ity of ADL/IADL consistently increased depressive
symptoms in both groups; however, a stronger impact
was observed in those living with others than in those
living alone. The levels of education showed a U-shaped
relationship with depressive symptoms in both groups;
however, greater variability among educational sub-
groups was observed in those living alone than in those
living with others. In the group living alone, those older
than 85, women, and those currently smoking reported
increased CES-D10 scores compared to the opposite re-
sult being found in those younger than 85, males, and
non-smokers. In addition, the excellent health status of
those living with others was associated with higher
CES-D10 scores, while the reverse relationship was
found in those living alone.
Moderation effects of living arrangement on the
relationship between depressive symptoms and health
behaviors
The main and interaction effects of living arrangement
on the relationship between depressive symptoms and
four health behaviors are presented in Table 3. Smoking,
alcohol abstinence, physical inactivity, and social inactiv-
ity were associated with higher levels of depressive
symptoms, controlling for age, gender, and low SES. Liv-
ing arrangement was positively associated with depres-
sive symptoms, indicating a main effect on depressive
symptoms. Adding interaction variables during the final
stage of the analysis revealed different patterns for each
health behavior.
Living arrangement showed significant interaction with
smoking, alcohol consumption, and social activity, while
there was non-significant interaction with physical activity.
The association between active smoking and depressive
symptoms was attenuated by taking living arrangement into
consideration. However, the association of depressive symp-
toms with alcohol drinking and social isolation became
stronger when considering living arrangement, specifically
regarding living alone. The mean level of depressive symp-
toms for each significant moderator stratified by the living
arrangement is illustrated in Fig. 1.
Discussion
This study provides important information about the
unique factors of geriatric depression identified among
older adults living alone and those living with others,
specifically focusing on the moderating effects of health
behaviors. In general, older Koreans living alone re-
ported higher levels of depressive symptoms than those
living with others, which were similar to the findings of
previous reports [12, 15, 38]. Our findings confirmed
significant similarities and differences among factors in-
fluencing depressive symptoms between the two groups.
Our study findings showed inconsistent directions be-
tween smoking and depressive symptoms, depending on
living arrangements. Older smokers living alone reported
more depressive symptoms; however, older smokers
living with others had fewer depressive symptoms. In
contrast, alcohol abstinence was consistently associ-
ated with more depressive symptoms, similar to previ-
ous reports [14, 30]. Smoking and drinking alcohol
are considered stress-reducing behaviors in adults
[26]. Some studies in Western countries reported
smoking and heavy drinking as being positively asso-
ciated with depression [30, 39, 40]. However, some
studies have reported a non-significant relationship
between geriatric depression and drinking alcohol and
smoking in different populations [9, 38, 41]. Interest-
ingly, smoking and alcohol consumption show an in-
verse association with depressive symptoms in some
Asian countries [14, 41, 42]. In Asian culture, smok-
ing and alcohol consumption play a role in media
when participating in social interaction. For example,
27.17% of older men and 4.63% of older women re-
ported social drinking, which was associated with a
decreased risk for depression [43]. Thus, this finding
implies that health-promoting behavior should be
understood in the context of culture to understand
different patterns of risk factors reported by diverse
types of cultural populations [44].
Physical inactivity was associated with more depressive
symptoms, regardless of living arrangements. Several
studies reported engaging in physical activity as being ef-
fective in reducing depressive symptoms among diverse
types of older adults [28, 29, 45]. Exercise may provide
opportunities to (1) alter or reduce negative thoughts in
daily life, (2) learn a new skill dealing with stress re-
sponses, and (3) increase social contact outside of family
systems [46]. Some previous studies have shown that
older adults reported increased levels of cognition, qual-
ity of life, and well-being after receiving physically active
interventions [27, 29]. In addition, older adults believe
that physical activity could be a non-pharmacological
treatment that is alternative to antidepressants for redu-
cing depressive symptoms [26, 47]. A Cochrane Data-
base of Systematic Review [48] reported that exercise
moderately reduced depressive symptoms compared to
no treatment, antidepressants, and psychological therap-
ies. Thus, increasing physical activity for older adults is
recommended due to high levels of acceptability, the
prevention of polypharmacy, and the reduction of
medication-adherence concerns, specifically for mild to
moderate depression [49].
Social inactivity was associated with more depressive
symptoms in general, similar to previous reports [14,
38]. In our study, socially inactive individuals do not par-
ticipate in any activities during social gatherings,
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supportive groups, or organizational meetings. Social
support is considered to be a protective factor for deal-
ing with stressful life events experienced by older adults
[9, 11]. Inadequate levels of perceived social interaction
and support result in loneliness and in a lower quality of
life, as well as poor mental health [11]. However, our
study added more findings, indicating that the difference
within groups was more notable in those living with
others than those living alone. Providing adequate levels
of social support may critically decrease depressive
symptoms in older adults living with others [9, 11], al-
though grown children are expected to live with their
aging parents or to provide support through frequent
visits in Asian countries [12]. When older adults living
alone have less frequent contact with their family, they
seek alternative sources of support from their neighbor-
hood, religious group, or community [11, 12]. Thus, the
Korean government operates senior centers that are spe-
cialized in caring for those living alone in the commu-
nity. Community nurses working with those living alone
Table 3 Result of multiple linear regression with interaction term
Variables Adj. R2 Δ R2 B SE β p value
Step 1 Sociodemographic factors 0.068*** 0.068***
Aged at 75-84a 0.807 0.005 0.068 < 0.001
Aged over 85a 1.629 0.008 0.076 < 0.001
Genderb 0.053 0.005 0.005 < 0.001
Low socioeconomic statusc 1.427 0.004 0.127 < 0.001
Step 2 Health behaviors 0.104*** 0.035***
Active smoking 0.371 0.007 0.020 < 0.001
Alcohol drinking −1.307 0.005 −0.104 < 0.001
Physical inactivity 0.614 0.005 0.051 < 0.001
Social inactivity 1.957 0.005 0.158 < 0.001
Step 3 Living arrangement 0.109*** 0.005*** 0.916 0.005 0.080 < 0.001
Step 4 Active smoking × Living arrangement 0.112*** 0.003*** 0.199 0.002 0.035 < 0.001
Alcohol drinking × Living arrangement 0.081 0.002 0.015 < 0.001
Physical inactivity × Living arrangement −0.001 0.002 0.000 0.678
Social inactivity × Living arrangement −0.180 0.002 −0.034 < 0.001
aReferent group = aged at 65–74; bReferent group =male; cReferent group =middle level of socioeconomic status; *** p < 0.001
Fig. 1 Mean difference of depressive symptoms in each health behavior group moderated by living arrangement
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provide a wide range of interventions or programs to en-
hance these clients’ social connectedness.
The group of older adults living alone showed some
expected factors that were associated with more depres-
sive symptoms, such as gender (i.e., women) [3, 14, 15]
and advanced age [9, 15, 38], in this study. However, un-
expected findings were observed in the group of older
adults living with others; namely, men and those aged
75–84 years reported higher scores of depressive symp-
toms than those younger than 85 years, men, and
non-smokers. It is difficult to make a directional conclu-
sion because few studies have reported gender differ-
ences in factors associated with depressive symptoms
among older Koreans [14, 50]. In general, older men
showed lower levels of help-seeking behaviors for infor-
mal support than older women when dealing with de-
pressive symptoms [47]. However, both perceived that
depression and help-seeking behaviors are greatly influ-
enced by culture; therefore, caution is required when
interpreting this finding, and more evidence is necessary
to understand older men’s depression in Korea.
Similar to previous studies, our findings confirmed
that more depressive symptoms were reported in older
adults with low SES [1, 38, 51]. In addition, a significant
association between education and depressive symptoms
was observed in educated individuals in both groups [1,
15]. Because of the high correlation between education
levels and income levels, those factors simultaneously
affect the levels of SES among Koreans. Those with low
SES have a higher chance of depression due to repeated
stress from negative life experiences, such as helpless-
ness, poor living conditions, and lack of coping re-
sources [52]. In our study, when we compared
subgroups based on education level, those with more de-
pressive symptoms were most likely to have a mid-level
education, followed by the lowest and then the highest
education. Although educational attainment is associated
with stress appraisal when dealing with psychological
distress and physical illness [52], this U-shaped relation-
ship between education level and depressive symptoms
was not fully explained in previous reports about Korean
populations [13–15]. Further investigation is required to
develop tailored interventions based on different levels
of education.
Unexpectedly, the number of chronic diseases was
weakly associated with depressive symptoms, dissimilar
to previous studies [1, 3, 15, 38, 51, 53]. Previous studies
showed that a combination of multiple chronic disease
diagnoses has a limited ability to predict depressive
symptoms, although each diagnosis, such as diabetes,
stroke, heart disease, and head trauma, uniquely in-
creases depression scores [14, 38]. Instead, psychiatric
illness is a consistent factor that increases depressive
symptoms, regardless of living arrangements, similar to
the previous report [54]. The status of psychiatric illness
may affect the age of onset, the number of lifetime epi-
sodes, somatic symptoms, and comorbidities contribut-
ing to or resulting from the psychopathology of geriatric
depression [3]. Thus, future studies should focus on a
specific disease group to differentiate the impacts of
various diseases on depressive symptoms among older
adults, given that each medical condition has a unique
disease trajectory and socio-demographic characteristics
[14, 38].
Poor health status, pain, and functional impairments
were common factors that increased the depressive
symptoms in both groups, similar to previous reports [3,
14, 53]. Those conditions are considered to be
age-related factors necessary for maintaining independ-
ent living, which is highly associated with increased de-
pressive symptoms [3, 55]. A nationwide survey of the
Taiwan Longitudinal Study suggested that those living
alone are sufficiently competent to handle their own
daily living and manage their medical conditions [12].
However, as functionality decreases with age, an individ-
ual’s capacity of self-management and self-care mecha-
nisms of health highly depends on impaired function
that individual has suffered from chronic diseases [51].
In addition, those factors influence an individual’s pres-
entation of atypical symptoms resulting from depression
at different levels, which increase the likelihood of being
under-detected and underestimated in depressed adults
[38]. Thus, the early detection of those factors to differ-
entiate risk factors and atypical symptoms is critically
important to provide symptom-based interventions
when co-residents are absent.
In clinical implication, depressive symptoms in older Ko-
reans were mostly associated with sociodemographic fac-
tors and health status rather than health behaviors,
regardless of living arrangement. It is important to assess
both the depressive mood and relevant characteristics of
older adults in general and to classify the vulnerable sub-
groups based on predisposing factors of depression. The
screening instrument, such as the geriatric depression
screening scale [56], is associated with symptoms rather
than risk factors. Thus, identification of even
non-modifiable factors is important to clearly define the
most vulnerable group. In addition, targeted interventions
should be designed to consider the unique characteristics
and situations of older adults living alone when simultan-
eously modifying multiple health behaviors differently.
Study limitations and future research
Most of the study’s limitations resulted from the study’s
design, which consisted of a secondary data analysis with
cross-sectional data. First, we were unable to include
any variables that reflected the influence of the duration
of living alone or any recent changes in living
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arrangements on depressive symptoms. Some research has
shown that the impact of living alone is attenuated over time
[14]; thus, further research should include variables differen-
tiating between the short- and long-term effects of living
alone to maximize the advantage of repeated measures in
longitudinal surveys. Second, self-report instruments have
limitations in terms of diagnosing major depressive disorder,
requiring instant medical attention. Thus, further research
must examine the proportion of those diagnosed with major
depressive disorder medically to determine the appropriate
clinical action for the most vulnerable subgroups of older
adults. Third, we included limited numbers of variables as-
sociated with health behaviors, namely those available in
the primary data. Previous research has shown significant
relationships between geriatric depression and other vari-
ables, such as diet and sleep [9, 14]. Hence, we suggest
that further studies include more extensive information
on health behaviors associated with this topic.
Health-lifestyle theories have emphasized integrated strat-
egies to simultaneously modify multiple health behaviors
for more effective and sustainable health promotion rela-
tive to single-behavior modification [26]. The distinct im-
pact of each health behavior on depression is not identical
to the cumulative effect of a combination of multiple ac-
tivities [14]. Further research is required to confirm the
best combination of health behaviors to reduce depression
in older Koreans living alone, targeting both common and
situation-specific depression components.
Conclusion
Health behaviors were weakly associated with depressive
symptoms relative to non-modifiable sociodemographic
and health-status factors. However, different patterns be-
tween each health behavior and depressive symptoms were
found in this study. Smoking, alcohol abstinence, and social
inactivity were associated with more depressive symptoms
moderated by living arrangements; however, physical in-
activity was associated with depressive symptoms but was
not moderated by living arrangements. Further research
should focus on the different patterns of geriatric depres-
sion among diverse sociodemographic subgroups and spe-
cific types of health behaviors. Policy makers and clinicians
should better prepare to understand sociodemographic and
health-related characteristics to improve the mental health
and quality of life of emerging older adults who live alone.
Abbreviations
ADLs: Activities of daily living; CES-D10: the Center for Epidemiological
Studies-Depression Scale short-form 10 items; IADLs: Instrumental activities of
daily living; KLoSA: Korean Longitudinal Study of Aging; OECD: Organization
for Economic Cooperation and Development; SES: Socioeconomic status
Funding
This research was supported by Basic Science Research Program through the
National Research Foundation of Korea (NRF) funded by the Ministry of
Education (NRF-2016R1D1A1B03932013) and Mo-Im Kim Nursing Institute,
College of Nursing, Yonsei University.
Availability of data and materials
The data used in this study are available for scientists at universities and
research institutes exclusively for scientific purposes at a free charge. The
study data can be obtained from the website: http://survey.keis.or.kr/InnoEX/
install.html?http://survey.keis.or.kr/klosa/klosadownload/List.jsp
Authors’ contributions
All authors critically reviewed the manuscript, provided significant editing of
the article and approved the final manuscript. Each author uniquely
contributes in the specific research processes: HK, design and concept of
analyses, supervision during preparing the data, statistical analysis and
interpretation of data, preparing of the manuscript; SK, preparation of data,
assisting of statistical analysis and preparing of the manuscript; SH, design
and concept of analyses and preparing of the manuscript; and SL, searching
for the literature and preparing of the manuscript.
Ethics approval and consent to participate
Prior to the interview, written informed consent was given by all participants
of the KLoSA survey. The data were anonymized and de-identifiable with no
personal information, with careful protection on confidentiality. Institutional
Review Board approval was obtained from College of Nursing at Yonsei Uni-




The authors declare that they have no competing interests.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1College of Nursing, Yonsei University, Seoul, South Korea. 2Mo-Im Kim
Nursing Research Institute, Yonsei University, Seoul, South Korea.
Received: 29 September 2017 Accepted: 15 August 2018
References
1. Jia H, Lubetkin EI. Incremental decreases in quality-adjusted life years (QALY)
associated with higher levels of depressive symptoms for US adults aged 65
years and older. Health Qual Life Outcomes. 2013;15:9.
2. World Health Organization. Depression and other common mental
disorders. Global health estimates. Geneva. Switzerland: WHO Publishing;
2017.
3. Zivin K, Wharton T, Rostant O. The economic, public health, and caregiver
burden of late-life depression. Psychiatr Clin North Am. 2013;36:631–49.
4. Lim HJ, Min DK, Thorpe L, Lee CH. Trajectories of life satisfaction and their
predictors among Korean older adults. BMC Geriatr. 2017;17:89.
5. Ogle CM, Rubin DC, Siegler IC. Cumulative exposure to traumatic events in
older adults. Aging Ment Health. 2014;18:316–25.
6. Wang M, Shi J. Psychological research on retirement. Annu Rev Psychol.
2014;65:209–33.
7. Chen Y, Feeley TH. Social support, social strain, loneliness, and well-being
among older adults. J Soc Personal Relat. 2014;31:141–61.
8. Ng TP, Jin A, Feng L, Nyunt MSZ, Chow KY, Feng L, et al. Mortality of older
persons living alone: Singapore longitudinal ageing studies. BMC Geriatr.
2015;15:126.
9. Fukunaga R, Abe Y, Nakagawa Y, Koyama A, Fujise N, Ikeda M. Living alone
is associated with depression among the elderly in a rural community in
Japan. Psychogeriatrics. 2012;12:179–85.
10. Stahl ST, Beach SR, Musa D, Schulz R. Living alone and depression: the
modifying role of the perceived neighborhood environment. Aging Ment
Health. 2017;21:1065–71.
11. Yi ES, Hwang HJ. A study on the social behavior and social isolation of the
elderly Korea. J Exer Rehabil. 2015;11:125–32.
12. Kao YH, Chang LC, Huang WF, Tsai YW, Chen LK. Health characteristics of
older people who rotationally live with families: a nationwide survey. J Am
Med Dir Assoc. 2013;14:331–5.
Kim et al. BMC Geriatrics  (2018) 18:186 Page 10 of 11
13. Korea Institute for Health and Social Affairs, Korean Ministry of Health and
Welfare. Living profiles of older-persons-only households and policy implications.
Seoul: Korea Institute for Health and Social Affairs Publishing; 2014.
14. Lee J, Ham MJ, Pyeon JY, Oh E, Jeong SH, Sohn EH, et al. Factors affecting
cognitive impairment and depression in the elderly who live alone: cases in
Daejeon Metropolitan City. Dement Neurocognitive Disord. 2017;16:12–9.
15. Oh DH, Park JH, Lee HY, Kim SA, Choi BY, Nam JH. Association between
living arrangements and depressive symptoms among older women and
men in South Korea. Soc Psychiatry Psychiatr Epidemiol. 2015;50:133–41.
16. Organization for Economic Cooperation and Development. Economic
surveys: Korea. 2016. https://www.oecd.org/eco/surveys/Korea-2016-OECD-
economic-survey-overview.pdf. Accessed 5 Sep 2017.
17. Statistics Korea. Complete enumeration results of the 2016 population and
housing census. In: Population and Household press release; 2017. http://
kostat.go.kr/portal/eng/pressReleases/1/index.board?bmode=read&aSeq=
363132. Accessed 5 Sep 2017.
18. Korea Institute for Health and Social Affairs, Korean Ministry of Health and
Welfare. The Korean elderly survey. Seoul: Korea Institute for Health and
Social Affairs Publishing; 2014.
19. Korea Institute for Health and Social Affairs, Korean Ministry of Health and
Welfare. State of living alone and policy response strategy of old age. Seoul:
Korea Institute for Health and Social Affairs Publishing; 2015.
20. World Health Organization. Mental health and older adults fact sheet. 2016.
http://www.who.int/mediacentre/factsheets/fs381/en/. Accessed 5 Sep 2017.
21. Lee KY, Choi SS, Park HS, Lim HJ. A Study of factors affecting on the
preference of the elderly's mental health services utilization in rural areas-
application of Andersen and Newman's model. Korean journal of. Social
Welfare. 2010;62:257–78.
22. Ferrari AJ, Charlson FJ, Norman RE, Patten SB, Freedman G, Murray CJL, et al.
Burden of depressive disorders by country, sex, age, and year: findings from
the global burden of disease study 2010. PLoS Med. 2013;10:e1001547.
23. Kim YS, Byun HS. Effects of pain on memory, physical function, and sleep
disturbance in older adults with chronic disease: the mediating role of
depression. J Korean Gerontol Nurs. 2014;16:59–67.
24. Organization for Economic Cooperation and Development. Society at a
glance 2014: OECD Social Indicators: OECD Publishing; 2014. http://staging.
memofin.fr/uploads/library/pdf/8113171e[1].pdf. Accessed 5 Sep 2017
25. Hong SI, Chen LM. Contribution of residential relocation and lifestyle to the
structure of health trajectories. J Ment Health Aging. 2009;21:244–65.
26. Saint Onge JM, Krueger PM. Health lifestyle behaviors among U.S. adults.
SSM Popul Health. 2017;3:89–98.
27. Langlois F, Vu TTM, Chassé K, Dupuis G, Kergoat MJ, Bherer L. Benefits of
physical exercise training on cognition and quality of life in frail older
adults. J Gerontol B Psychol Sci Soc Sci. 2013;68:400–4.
28. Mammen G, Faulkner G. Physical activity and the prevention of depression:
a systematic review of prospective studies. Am J Prev Med. 2013;45:649–57.
29. Windle G, Hughes D, Linck P, Russell I, Woods B. Is exercise effective in
promoting mental well-being in older age? A systematic review. Aging
Ment Health. 2010;14:652–69.
30. Van den Berg JF, Kok RM, van Marwijk HW, van der Mast RC, Naarding P,
Oude Voshaar RCO, et al. Correlates of alcohol abstinence and at-risk
alcohol consumption in older adults with depression: the NESDO study. Am
J Geriatr Psychiatry. 2014;22:866–74.
31. Korea Employment Information Service. KLoSA survey overview. 2016.
http://survey.keis.or.kr/klosa/klosa01.jsp. Accessed 5 Sep 2017.
32. Kim JH, Park EC, Lee SG, Lee Y, Jang SI. Effects of social integration on
depressive symptoms in Korea: analysis from the Korean longitudinal study
of aging (2006–12). Aust Health Rev. 2016;41:222–30.
33. Kim JH, Park EC, Lee SG. The impact of age differences in couples on
depressive symptoms: evidence from the Korean longitudinal study of
aging (2006-2012). BMC Psychiatry. 2015;15:1–10.
34. Korea Institute for Health and Social Affairs, Korean Ministry of Health and
Welfare. Analysis of the survey of living conditions and welfare needs of
Korean older persons. Seoul: Korea Institute for Health and Social Affairs
Publishing; 2012.
35. LaPlante MP. The classic measure of disability in activities of daily living is
biased by age but an expanded IADL/ADL measure is not. J Gerontol B
Psychol Sci Soc Sci. 2010;65:720–32.
36. Meyers LS, Gamst G, Guarion AJ. Applied multivariate research. London:
Sage Publication Inc; 2006.
37. Aiken L, West SG. Multiple regression: testing and interpreting interactions.
Newbury Park: Sage; 1991. p. 28.
38. Niti M, Ng TP, Kua EH, Ho RCM, Tan CH. Depression and chronic medical
illnesses in Asian older adults: the role of subjective health and functional
status. Int J Geriatr Psychiatry. 2007;22:1087–94.
39. An R, Xiang X. Smoking, heavy drinking, and depression among US middle-
aged and older adults. Prev Med. 2015;81:295–302.
40. Boden JM, Fergusson DM, Horwood LJ. Cigarette smoking and depression: tests
of causal linkages using a longitudinal birth cohort. Br J Psych. 2010;6:440–6.
41. Cheng HG, Chen S, McBride O, Phillips MR. Prospective relationship of
depressive symptoms, drinking, and tobacco smoking among middle-aged
and elderly community-dwelling adults: results from the China health and
retirement longitudinal study (CHARLS). J Affect Disord. 2016;195:136–43.
42. Lee JC, Park JA, Bae NK, Cho YC. Factors related to depressive symptoms
among the elderly in urban and rural areas. J agri med commun health.
2008;2:204–20.
43. Cho MJ, Lee JY, Kim BS, Lee HW, Sohn JH. Prevalence of the major mental
disorders among the Korean elderly. J Korean Med Sci. 2011;26(1):10.
44. Kreuter MW, Lukwago SN, Bucholtz DC, Clark EM, Sanders-Thompson V.
Achieving cultural appropriateness in health promotion programs: targeted
and tailored approaches. Health Educ Behav. 2003;30:133–46.
45. Ku PW, Fox KR, Chen LJ. Physical activity and depressive symptoms in
Taiwanese older adults: a seven-year follow-up study. Prev Med. 2009;48:250–5.
46. Craft LL. Potential psychological mechanisms underlying the exercise and
depression relationship handbook of physical activity and mental health.
London: Routledge; 2013.
47. Atkins J, Naismith SL, Luscombe GM, Hickie IB. Elderly care recipients’
perceptions of treatment helpfulness for depression and the relationship
with help-seeking. Clin Interv Aging. 2015;10:287–95.
48. Cooney GM, Dwan K, Greig CA, Lawlor DA, Rimer J, Waugh FR, et al.
Exercise for depression. Cochrane Database Syst Rev. 2013; https://doi.org/
10.1002/14651858.CD004366.pub6.
49. Kok RM, Reynolds CF. Management of Depression in older adults: a review.
JAMA. 2017;317(20):2114–22.
50. Lim EJ. Gender differences in the relationship between physical functioning
and depressive symptoms in low-income older adults living alone. Nurs
Health Sci. 2014;16:381–6.
51. Seo HL, Jung YK, Kim HN. The effects of physical diseases on elderly
depression and moderate effects of the self-care performance. J Welfare
Aged. 2013;61:57–84.
52. Almeida DM, Neupert SD, Banks SR, Serido J. Do daily stress processes
account for socioeconomic health disparities? J Gerontol Series B. 2005;60:
S34–9. https://doi.org/10.1093/geronb/60.Special_Issue_2.S34.
53. Hairi NN, Bulgiba A, Mudla I, Said MA. Chronic diseases, depressive
symptoms and functional limitation amongst older people in rural Malaysia,
a middle income developing country. Prev Med. 2011;53:343–6.
54. Lee MY, Kim YS. Factors influencing suicidal ideation in people with mental
disorder. Korean J Health Serv Manag. 2014;8:209–20.
55. Ahlqvist A, Nyfors H, Suhonen R. Factors associated with older people’s
independent living from the viewpoint of health and functional capacity: a
register-based study. Nurs Open. 2016;3:79–89.
56. Yesavage JA, Brink TL, Rose TL, Lum O, Huang V, Adey M, Leirer VO.
Development and validation of a geriatric depression screening scale: a
preliminary report. J Psychiatr Res. 1983;17:37–49.
Kim et al. BMC Geriatrics  (2018) 18:186 Page 11 of 11
